II. NUMERICAL MODEL
The numerical model used in this study is FVCOM: a prognostic, unstructured grid, finite-volume, free-surface, three-dimensional (3D) primitive equation coastal ocean and estuarine model developed by Chen et al. [3] . FVCOM utilizes a modified Mellor and Yamada level 2.5 (MY-2.5) and Smagorinsky turbulent closure schemes for the default setup of vertical and horizontal mixing, respectively [4] . Unlike existing coastal finite-difference and finite-element models, FVCOM solves the hydrostatic primitive equations by calculating fluxes resulting from a discretization of the integral form of these equations on an unstructured triangular mesh. A state-of-theart-transformation is used to represent the vertical coordinate. This approach not only takes advantage of finite-element methods for grid flexibility and finite-difference methods for numerical efficiency but also provides a good numerical representation of momentum, mass, salt, and heat conservation. The detailed description of FVCOM is given in user manual written by Chen et al. [5] .
A. Equations
Under σ coordinates:
where u, v, w are the components of the velocity vector in the x, y, σ directions respectively; D is the water depth; η is the free surface; ρ is the specific mass; P is the pressure; f is the Coriolis parameter; g is the gravity acceleration; g is the free surface; Patm is the atmospheric pressure; x τ , y τ are the bottom friction term in x, y directions respectively.
B. Grid Resolution
The computational domain is: East Longitude from 120.64° to 120.88°, North Latitude from 36.21° to 36.47°. The horizontal grid mesh is shown in Fig. 3 and Fig. 4 , the max resolution is 10m. Different colors represent different depths in the figures, and the vertical grid is divided into 6 Sigma layers. 
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where
2) Horizontal boundary
The normal velocity at the closed boundary is zero. 
III. ANALYSIS AND MODEL VALIDATION

A. Model Validation
This model is verified by the current observation data at the two stations in the study area in 2006, station A (120°44′25″E, 36°19′18″N) was located at about 1km southeast from the project, and station B(120º41′58″E, 36º17′03″N) was located at about 5km southwest from the project. Observation time was from 10a.m. in November 29th to 11:30a.m. in November 30th, observation interval was half an hour. Fig. 8 show the comparison between the modeled and observed current time series for all stations. There is a general agreement in current velocity and directions between the modeled and the observed. This reflects that the hydrodynamic model predicted is reliable [7] . 
B. Current Analysis
The validated model helped to study the hydrodynamic characteristic in Laoshan Bay. The local surface flood currents and ebb currents near the engineering are presented in Fig. 9 and Fig. 10 respectively, while the surface flood currents and ebb currents in study area are presented in Fig. 11 and Fig. 12 respectively.
The model results show: the surface velocity is generally 10%~30% larger than the bottom current in Laoshan Bay, the difference between surface current directions and bottom current directions are small. The velocity of flood is slightly larger than the ebb's, whereas the duration between the twoare on the opposite trends. The current velocity is larger in the southeast of Laoshan Bay at flood tide, the maximum velocity can reach 0.8m/s; and the currents near the project from west turn to the southwest, the maximum velocity can reach 0.6 m/s. The maximum current velocity is 0.7m/s at ebb tide, and the currents near the project from northeast turn to the east, the maximum velocity can reach 0.5 m/s. The currents direction in the study area is almost the opposite while the flood tide and the ebb tide. 
FIGURE XI. COMPARISON OF SURFACE FLOOD CURRENTS IN LAOSHAN BAY
Through the analysis of model results, the hydrodynamic characteristics of the Laoshan Bay did not change mainly. The surface flood current field and ebb current field of study area are presented in Fig. 11 and Fig. 12 respectively. The red arrows indicate the currents before the construction of project NDC, and the blues indicate the currents after the construction of project NDC. The marine engineering shows little influence on the current field of the large study area. 
FIGURE XIV. COMPARISON OF SURFACE EBB CURRENTS NEAR NDC
The local surface flood current field and ebb current field near the project are presented in Fig. 13 and Fig. 14 respectively. Those show the current field near project changes significantly, but only within a range of 2km around the project. Due to the influence of marine engineering, the current changes more obviously in the west area of the project at flood tide while it changes more obviously in the east area of the project at ebb tide. The vortex intensity is much reduced and its direction is reversed in the cove at flood tide.
B. Current of Representative Points
In order to study the characteristics of the current field near NDC and the hydrodynamic changes before and after the construction of the project, 10 representative points were chose in the sea area near the breakwater and wharf [8] . The locations of 10 points are show in Fig. 15 The hydrodynamic environment in the cove (1#,2#,4#,5#) is much reduced, while outside of the cove, most points currents are enhanced at flood tide and reduced at ebb tide. See  table 1 and table 2 Flood , On the surface layer, currents velocity on locations of 2#, 3#, 4#, 5# and 10# is decreased, while it increased on 1#, 6#, 7#, 8# and 9#. Currents change more than 10cm/s on 3# 4# and 5#, and the maximum reduction is 32.9cm/s on 5#. On the bottom layer, similarly to the surface layer, currents on 2#, 3#, 4#, 5# and 10# are decreased, and increased on the last 5 points. The current variation ranges are more than 10cm/s on 4# and 5#, and the maximum reduction is 22.5cm/s on 5#.
Ebb , On the surface layer, current velocity increased on locations of 9#, while it decreased on other 9 points. Currents decrease more than 10cm/s on 4#, 5# and 6#, and the maximum reduction is 42.8cm/s on 6#. On the bottom layer, similar to surface, current on 9# is increased, and others 9 points are decreased, currents on 3#, 4#, 5# and 6# decreased over 10cm/s, and the maximum reduction is 30.8cm/s on 6#.
V. CONCLUSION
A high resolution 3D numerical model is established to study the influence of NDC on hydrodynamics. Based on the comparison of the hydrodynamic simulation results before and after the construction of the marine engineering, the conclusions are as follow.
The hydrodynamic characteristics of the Laoshan Bay did not change mainly after the construction of the project NDC. The marine engineering shows little influence on the current field of the large study area, but the local current field near the project changes obviously.
The construction of National Deep-sea Center shows a significant influence on the local current field. The tide currents near the project change obviously, the maximum current velocity changes more than 40cm/s, and the hydrodynamic environment in the cove reduced significantly.
The change of hydrodynamic force will lead to the change of sediment erosion and accumulation. The northeastern sand beach and the northern pebble beach in the cove may be damaged in long term influence of the project. We should pay more attention to the marine environment near this project in the future.
